Variation at the single-copy nuclear locus histone H3-D was surveyed in the diploid B-genome group of Glycine subgenus Glycine (Leguminosae: Papilionoideae), which comprises three named Australian species and a number of distinct but as yet not formally recognized taxa. A total of 23 alleles was identified in the 44 accessions surveyed. Only one individual was clearly heterozygous, which is not surprising given the largely autogamous breeding system of subgenus Glycine. Alleles differed by as many as 19 nucleotide substitutions, nearly all in the three introns; length variation was minimal. Phylogenetic analysis identified two shortest allele trees with very little homoplasy, suggesting that recombination has been rare. Both topological and data set incongruence were statistically significant between histone H3-D allele trees and trees inferred from chloroplast DNA haplotypes previously described from these same accessions. Whereas the distribution of H3-D alleles agrees well with morphologically based taxonomic groupings, chloroplast DNA haplotype polymorphisms transgress species boundaries, suggesting that the chloroplast genome is not tracking taxic relationships. Divergences among chloroplast DNA haplotypes involved in such transgressive patterns appear to be more recent than speciation events, suggesting hybridization rather than lineage sorting.
Introduction
The B-genome group of Glycine subgenus Glycine comprises three named diploid perennial species (G. tabacina, G. latifolia, and G. microphylla) that are interfertile in artificial hybridization experiments (Putievsky and Broué 1979; Grant et al. 1984; Singh and Hymowitz 1985) and several as yet unnamed taxa (Doyle, Doyle, and Brown 1990c) . Core taxa of the B-genome group are united morphologically by the presence of adventitious roots (Costanza and Hymowitz 1987; Tindale 1991) and by prominent and reticulate minor leaf venation (unpublished data). B-genome species also have closely related chloroplast DNA haplotypes (''plastomes'' of Doyle, Doyle, and Brown 1990a , 1990b , 1990c that are well differentiated from those of the remaining members of subgenus Glycine (Doyle, Doyle, and Brown 1990a) . A survey of chloroplast DNA (cpDNA) restriction site variation and phylogeny in 74 accessions of the B-genome group revealed the presence of 27 haplotypes (Doyle, Doyle, and Brown 1990c) whose distribution transgressed species boundaries in several cases. This discordance was attributed to hybridization, introgression, lineage sorting, or a combination of these phenomena, all of which could be expected in this group of interfertile and presumably recently diverged taxa (Doyle, Doyle, and Brown 1990c) .
Competing explanations for the observed incongruence of a single molecular marker with hypothesized species boundaries are best explored by investigating additional, unlinked, loci. The most popular locus for sequencing studies at lower taxonomic levels is the nu-clear ribosomal DNA internal transcribed spacer region (ITS; reviewed by Baldwin et al. 1995) . In Glycine, however, there is relatively little ITS differentiation, even among species from different genome groups (Nickrent and Doyle 1995; Kollipara, Singh, and Hymowitz 1997 ). An alternative to the ITS is the singlecopy nuclear locus histone H3-D, a member of the histone H3 multigene family (Kanazin, Blake, and Shoemaker 1996) whose phylogenetic utility has been demonstrated in Glycine (Doyle, Kanazin, and Shoemaker 1996) . Here, we describe histone H3-D allelic variation in 44 accessions of the B-genome diploid species group and construct allele trees for this locus. Histone H3-D allele distribution and phylogeny are contrasted with the cpDNA phylogeny previously obtained for the same accessions (Doyle, Doyle, and Brown 1990c) . The distribution of histone H3-D allelic variation agrees more closely with species boundaries based on morphology than it does with cpDNA.
Materials and Methods
A subset of the 74 diploid B-genome diploid accessions for which cpDNA haplotypes were described by Doyle, Doyle, and Brown (1990c) was surveyed here; provenance information was provided in that paper. Accessions (OTUs in figs. 3 and 4) were chosen to include all named or informally recognized taxonomic entities in the group, to provide geographic sampling within these taxa, and to survey all plastome groups identified by Doyle, Doyle, and Brown (1990c) . In most cases, DNA samples were the same as those used in the previous study; where these were not available, DNA was isolated by the method of Doyle and Doyle (1987) from voucher herbarium specimens of the same individual used in the earlier study. The histone H3-D allele from G. sp. aff. G. tabacina G2600 was represented by the cloned sequence described previously (Doyle, Kanazin, and Shoemaker 1996 ; GenBank accession number U47410). One accession was included that was not in the cpDNA study: G. tabacina G2510, from New South Wales, Australia (latitude 33Њ52ЈS, longitude 150Њ38ЈE).
Histone H3-D alleles were amplified using forward primer H3D61, which spans the first exon/intron junction and is specific for the histone H3-D locus ( fig. 1 ) (Doyle, Kanazin, and Shoemaker 1996 ; 5Ј-GCTTGC-AACCAAGGTTYGTTT-3Ј), and reverse primer KV-13, which is complementary to a highly conserved region of exon 4 and is effective in amplifying paralogous members of the large histone H3 family in a wide range of plant taxa (Kanazin, Blake, and Shoemaker 1996 ; 5Ј-AGCTGGATGTCCTTGGGCAT-3Ј). Reaction conditions were an initial 3 min at 94ЊC, followed by 35 cycles of 1 min at 94ЊC, 1 min at 55ЊC, and 1 min at 72ЊC, with a final extension of 7 min at 72ЊC. Amplifications used Taq polymerase (Gibco-BRL) with manufacturersupplied buffer and were performed with a Hybaid thermal cycler.
Products from a single 100-l reaction were excised from agarose gels and purified using the QIA-QUICK (QIAGEN, Santa Clarita, Calif.) kit following manufacturer's specifications. Automated DNA sequencing of PCR products was performed on either Applied Biosystems ABI373 or ABI377 machines at the Cornell Biotechnology sequencing facility. Full sequences of both strands were obtained using the H3D61 primer for the sense strand and H3D553r, a primer spanning the junction of exon 4 and intron 3 (Doyle, Kanazin, and Shoemaker 1996; 5Ј-TGGAAACGCAGAT-CAGTCTG-3Ј), for the antisense strand. Base calling and sequence editing were performed using Sequencher 3.1 software (GENECODES, Inc.). Sequences were deposited in GenBank as accessions AF093430-AF093452.
Sequences were aligned using the Clustal V algorithm (Higgins and Sharp 1989) as implemented in the DNASTAR program package, using a range of gap/ change costs. Jukes-Cantor corrected distances were calculated for complete sequences and separately for synonymous substitutions using MEGA (Kumar, Tamura, and Nei 1993) . Phylogenetic analyses of the aligned data set were conducted using a test version (d64) of PAUP* 4.0 (David L. Swofford, Laboratory of Molecular Systematics, Smithsonian Institution, Washington, D.C.).
Heuristic parsimony searches were conducted using a minimum of 100 random taxon addition sequences and tree bisection-reconnection (TBR) branch swapping. Gaps were treated as missing values. All equally parsimonious trees were analyzed and saved, and strict-consensus trees were constructed. Bootstrapping (minimum of 100 replicates) was performed to provide a numerical assessment of support for clades.
Incongruence between histone H3-D and cpDNA was measured in two different ways. The test described by Farris et al. (1995;  implemented as the partition homogeneity test of PAUP* 4.0) was used to assess data set incongruence. A heuristic search with simple taxon entry and 100 partitions was initially conducted. Additional runs included heuristic searches with 10-100 random-addition sequences with either TBR or nearest neighbor interchange (NNI) branch swapping, and with either 100 or 1,000 (NNI swapping only) permutations. Templeton's (1983) test, implemented in PAUP* 4.0, was used to measure incongruence between cpDNA and histone H3-D topologies.
Results
A single observable product of ca. 600 bp was amplified from all accessions, and direct sequencing of PCR products in most cases produced clean data with no evidence that more than one template was present. Histone H3-D is a single-copy locus in Glycine, despite the paleopolyploid nature of the genus (Doyle, Kanazin, and Shoemaker 1996) , so the absence of paralogous loci was not surprising, nor was the lack of appreciable heterozygosity. Natural populations of these species usually consist of small numbers of scattered individuals that presumably reproduce primarily by selfing, often in cleistogamous flowers. Only accession G. microphylla G1498 appeared to be a clear case of heterozygosity; its two putative alleles differed by a single nucleotide substitution (G vs. A at character 422). The sequence from one other accession, G. sp. G1580, was more difficult to read, but might also represent heterozygosity.
Characterization of Histone H3-D Alleles
The histone H3-D sequences analyzed here ranged in size from 447 to 451 bp (only the region sequenced on both strands is reported) and consisted of two exons of 77 and 91 bp and three introns of approximately 100, 100, and 78 bp (first and third intron sizes do not include primers; fig. 1 ). Introns and exons showed markedly different nucleotide compositions (table 1), with exons having higher GϩC content and introns being highly enriched for T residues, as is typical of plant genes (Ko et al. 1998 ).
In the 44 accessions sampled, 23 sequences were identified that differed from one another by 1-19 nucleotide substitutions. Only four substitutional changes occurred in exons, and all were synonymous (character 114: CGT/A, encoding arginine; character 165: CCT/A, proline; character 359: ATT/A, isoleucine; character 362: GCG/A, alanine). Substitutions were almost equally divided between transitions (24) and transversions (25), for a transition/transversion ratio of 0.96. Several length differences of 1 or 2 bp each were also observed, all of which occurred in introns ( fig. 1 ). One of these changes involved variation in the number of T residues in a repeat of this nucleotide ( fig. 2 , positions 102-103). Other than mononucleotide repeats (generally T's), few repeated motifs were observed. Of these, only two were reiterated as many as three times: a tetranucleotide (ATTA, TTAA, or TAAT) in the region of positions 19-32 and a dinucleotide (GT) in some alleles in the region of positions 250-255.
Jukes-Cantor corrected distances and standard errors were calculated for synonymous substitutions (Nei and Gojobori 1986) and for full sequences (table 2) . Divergences calculated for entire sequences were all less than 3%. The paucity of substitutions in the two short exons led to large standard errors and widely different estimates of changes per synonymous site. However, there is no compelling evidence that histone H3-D introns are evolving at a much faster rate than are synonymous sites in exons, as has been suggested for some other genes (Liss et al. 1997 ).
Relationships Among Histone H3-D Alleles
The scarcity of length mutations made alignment of allele sequences straightforward. Equally weighted parsimony analysis of the 23 alleles identified two shortest trees of length 49, with a consistency index of 0.94 and a retention index of 0.96. The two trees differed from one another only in the placement of allele 15, whose sequence was ambiguous (C/T) for character 140, where a C would be synapomorphic for alleles 14 and 15 (tree 2, not shown), as opposed to the plesiomorphic T (tree 1, which is also the strict consensus; fig. 3 ). Rooting and character optimization were based on previous studies of histone H3-D variation in the entire genus, which placed the allele from G. sp. aff. G. tabacina as sister to alleles from the remainder of the Bgenome group with 98%-100% bootstrap support (Doyle, Kanazin, and Shoemaker 1996) .
Several well-differentiated alleles or allele groups were observed, but the topologies contained several polytomies, and some clades were weakly supported. The most divergent allele group, differing by at least 10 substitutions and an indel from all other alleles, comprised the four alleles (alleles 1-4) sampled from four accessions of the unnamed but distinct taxon referred to as G. sp. aff. G. tabacina by Doyle, Doyle, and Brown (1990c) . The remaining alleles formed a polytomy comprising (1) the two alleles of typical G. microphylla accessions (alleles 21 and 22), (2) the single allele (23) found in the unnamed taxon represented by accessions G2035 and G2037, and (3) a clade based on a single synapomorphy that included the remaining 15 alleles. Within the latter clade, some structure was observed, but most allele groupings were based on relatively few synapomorphies.
Of the three homoplasious characters (shown in white in fig. 3 ), two were transitions (characters 380
[C↔T] and 422 [A→G] ) and one was a transversion (character 72 [C→G] ). None of the nine length mutations was homoplasious. Three were optimized on shortest trees as synapomorphies for clades of alleles, whereas the remaining six were autapomorphic for single alleles, although in some cases these alleles were found in multiple accessions (e.g., allele 21).
Distribution of Allelic Variation Within and Among Taxa
The agreement between allele groups and morphologically differentiated taxa was good, although in most cases not perfect. The taxon referred to as G. sp. aff. G. tabacina comprises a morphologically unique group of accessions, having B-genome leaf venation but lacking the adventitious roots otherwise typical of B-genome diploid species and possessing chloroplast DNA haplotypes well differentiated from the remainder of the group (Doyle, Doyle, and Brown 1990c) . Accessions representing each of the three plastome types found in this taxon had nearly identical histone H3-D alleles that formed a clade sister to alleles from the remaining Bgenome accessions. Similarly, the six accessions surveyed from the morphologically and ecologically distinct G. latifolia possessed one of two sister H3-D alleles.
Bona fide G. microphylla accessions were either heterozygous (G1498) or homozygous (all other accessions) for allele 21. This included accessions sampled over nearly 25 degrees of latitude, from Tasmania and Victoria through New South Wales to Queensland, including an accession (G1830) from the disjunct portion of the species' range in northern Queensland. Among these accessions were representatives from all seven of the plastome types identified for this species ( fig. 4 ; One of two equally parsimonious trees, which is also the strict-consensus tree (the alternative tree groups alleles 14 and 15). Alleles are numbered and circled, with accessions possessing each allele shown in parentheses after the allele number. Accession numbers are CSIRO Division of Plant Industry Perennial Glycine Germplasm Collection ''G'' numbers. Taxon abbreviations: aff ϭ G. sp. aff. G. tabacina; lat ϭ G. latifolia (Benth.) Newell and Hymowitz; mic ϭ G. microphylla Tind.; sp ϭ any of several unnamed taxa; tab ϭ diploid G. tabacina (Labill.) Benth. Substitutional characters are shown as squares (transversions) or circles (transitions), with character numbers (from fig. 2 ) above the symbols; white indicates homoplasious changes; asterisks indicate changes in exons (all are synonymous). Length changes are shown as triangles, with the character number or range given above the symbol in parentheses, preceded by either ''Ϫ'' for deletions or ''ϩ'' for insertions. Bootstrap percentage values (based on 1,000 full heuristic search replicates) are shown in italics below internal branches. Doyle, Doyle, and Brown 1990c) . G1315, an accession of unknown provenance, was originally classified as G. microphylla, but its isozyme profile is atypical of this species (unpublished data), and it has a plastome type not found elsewhere in G. microphylla (Doyle, Doyle, and Brown 1990c) . The histone H3-D allele found in G1315 (allele 7) is identical to that of G. sp. G1545, an accession with a very similar chloroplast DNA haplotype (Doyle, Doyle, and Brown 1990c) . The closely related H3-D allele 8 was sampled from G. sp. G2139, an accession whose chloroplast DNA haplotype is identical to that of G1315.
The correspondence between allele distribution and morphology or taxonomy was weaker for other taxa. The third named species, G. tabacina, possessed alleles belonging to at least two major groups, each more closely related to alleles from other taxa than to each other ( fig. 3) . A group of morphologically and isozymically distinct accessions either classified as G. tabacina or unclassified, but informally referred to as the ''Carnar- von Gorge'' group (G1459, G1580, G1827, G2035, G2037, G2253), showed even greater heterogeneity, with alleles scattered throughout the tree (alleles 15, 16, 18, and 23).
H3-D Versus cpDNA
There are several similarities between the histone H3-D allele tree and the chloroplast DNA haplotype tree. Both include a basal dichotomy between alleles or haplotypes of G. sp. aff. G. tabacina and those of the remainder of the B-genome group (fig. 4) . The next split in the histone H3-D tree is a trichotomy, one branch of which comprises the only two alleles found in G. microphylla. Similarly, the second branching of the cp-DNA tree is a dichotomy with one clade comprising haplotypes found in the majority of G. microphylla accessions. However, the minority of G. microphylla accessions possess haplotypes most closely related to those of other species ( fig. 4 ; e.g., G1195). Other differences in the distributions and relationships of cpDNA haplotypes and histone H3-D alleles were also noted ( fig. 4) . For example, accessions G2344, G2345, and G2346 do not belong to a formally recognized species but are morphologically similar; all three have histone H3-D allele 20 but have unrelated chloroplast DNA haplotypes. Similarly, two G. latifolia accessions with anomalous cpDNA haplotypes (G1534, G2120) possess the histone H3-D allele typical of G. latifolia.
Incongruence between the histone H3-D allele tree and the cpDNA haplotype data sets was significant as measured by the Farris et al. (1995) incongruence test (P Յ 0.01 in all analyses). Topological tests (Templeton 1983 ) also showed significant incongruence (for all comparisons, P Ͻ 0.001). The hypothesis that all G. microphylla chloroplast DNA haplotypes formed a clade was rejected (P ϭ 0.003) using the Templeton test to compare topologies of the most-parsimonious haplotype trees with most-parsimonious topologies in which these haplotypes were constrained to form a clade.
Discussion
The histone H3-D locus has previously been shown to be a useful source of phylogenetic characters in Glycine subg. Glycine, with sufficient variation to resolve relationships among the major diploid species groups (Doyle, Kanazin, and Shoemaker 1996) . The present results extend the utility of this locus to a lower taxonomic level, the closely related diploid species of one of those groups, the B-genome. Although some of the 23 alleles identified in the 44 accessions surveyed differed by only a single substitution, and bootstrap support was consequently low in several instances, it was possible to reconstruct an allele phylogeny in which homoplasy was almost nonexistent. This suggests that recombination among these alleles is very rare, an observation that is consistent with the low levels of heterozygosity observed in these accessions. Isozyme data also reveal only low levels of heterozygosity among these accessions (unpublished data). This, in turn, is consistent with the predominantly autogamous life histories of most Glycine species.
There was good agreement between histone H3-D allele distributions and several observed morphological groupings, such as G. sp. aff. G. tabacina, the widespread G. microphylla, and the ecologically and morphologically distinct G. latifolia. This correspondence suggests that the histone H3-D allele groupings can guide ongoing studies seeking to elucidate relationships and to produce a classification for this complex group of taxa. A strikingly different picture is presented by the chloroplast genome, whose haplotypes show much less correspondence with taxonomic and apparent morphological boundaries in this group of taxa (Doyle, Doyle, and Brown 1990c) . We had hypothesized that the distribution of chloroplast DNA haplotypes was likely due to lineage sorting, hybridization, or a combination of these phenomena in this group of closely related taxa. The difficulty of distinguishing between these two phenomena is a common problem in empirical studies (e.g., Hare and Avise 1998). However, the two processes make different predictions about allele/haplotype topologies, distributions, and ages (see also Rawson and Hilbish 1998) .
Lineage Sorting
As noted above, the most striking case of apparent incongruence between cpDNA and species boundaries occurs in G. microphylla, which is polymorphic for cpDNA haplotypes belonging to two different major clades in the haplotype tree (''I'' and ''II'' in fig. 4) . Representatives of the haplotype I group predominate in G. microphylla, whereas haplotypes of group II are found in all but two accessions (G. sp. G1459 and G2345) of the remaining core B-genome taxa (B-genome excluding G. sp. aff. G. tabacina). Under a hypothesis of lineage sorting, the split between haplotypes I and II marks the origin of an ancestral polymorphism in the core B-genome group, whereas the divergence of G. microphylla from the ancestor of the remaining core B-genome taxa is marked by the divergence of its group II haplotype from other haplotypes of this group. If the actual divergence time of G. microphylla is known and the times of haplotype divergences can be estimated, then it is simple to test the lineage-sorting hypothesis, because the age of divergences of group II haplotypes should approximate the age of G. microphylla, whereas the divergence between haplotypes I and II must be older.
Speciation times are not known for this group, and absolute dating with a molecular clock is problematic (Gaut 1998) . Nevertheless, some estimates can be made. The most divergent chloroplast DNA haplotypes of the core B-genome group (e.g., a group I haplotype of G. microphylla and the predominant group II haplotype of G. latifolia) differ by approximately 9 ϫ 10 Ϫ4 substitutions/site (Doyle, Doyle, and Brown 1990a) . Using a value of 1.2 ϫ 10 Ϫ9 substitutions/site/year for cpDNA (Gaut 1998) , the divergence time of these haplotypes is approximately 0.4 MYA. Group II haplotypes, including those of G. microphylla, are more similar to one another than to those of group I and are therefore presumably much more recently diverged. Thus, 0.4 MYA is a generous upper limit for the divergence of G. microphylla based on cpDNA data under the lineage-sorting hypothesis.
The histone H3-D data can provide an estimate of speciation times, given the good agreement between allele distributions and taxonomic boundaries. Alleles of other core B-genome diploids differ from the G. microphylla allele by 1 ϫ 10 Ϫ2 to 2 ϫ 10 Ϫ2 substitutions/site (table 2). Using the synonymous nuclear substitution rate of approximately 6 ϫ 10 Ϫ9 substitutions/site/year given by Gaut (1998) , divergence times for these alleles are around 0.75-1.5 MYA. This is older than even the haplotype I versus II divergence as estimated from cpDNA variation and is thus inconsistent with the very recent origin of G. microphylla required by the lineagesorting model to account for the distribution of cpDNA haplotypes in this species.
Hybridization/Introgression
Under a hybridization hypothesis, the divergence of chloroplast haplotypes I and II occurred as a result of the divergence of G. microphylla from the ancestor of the remaining core B-genome taxa. The presence of group I haplotypes outside of G. microphylla and that of group II haplotypes in some G. microphylla accessions is interpreted as being due to recent gene flow. The first of these two events is also marked by the divergence of the two G. microphylla histone H3-D alleles from the alleles of other core B-genome taxa, in which case the different age estimates for this event obtained from the two molecules (0.4 vs. 0.75-1.5 MYA) must be accounted for. It is possible that histone alleles diverged prior to speciation events in the B-genome group, and thus the histone alleles are older than the corresponding chloroplast DNA haplotypes. The ancestral histone H3-D polymorphisms could have been sorted out in a pattern that faithfully tracked the historical sequence of cladogenic events involving G. microphylla and the remaining B-genome species. Alternatively, perhaps one or both of the rates being used is incorrect, weakening any arguments based on a molecular clock.
Hybridization may also seem unlikely in these predominantly selfing plants, which in theory should have little gene flow even among conspecific populations. However, core B-genome species are interfertile (Putievsky and Broué 1979; Newell and Hymowitz 1983; Grant et al. 1984) , and many are also sympatric, so the opportunity as well as the ability to hybridize exists. Furthermore, evidence for past hybridization exists in the widespread G. tabacina allopolyploid, which combines the genome of the most divergent member of the complex, G. sp. aff. G. tabacina, with those of various members of the core B-genome group (Doyle, Doyle, and Brown 1990b) . Furthermore, this allopolyploid has essentially the same life history as its diploid progenitors but shows compelling evidence of gene flow among its scattered populations (unpublished data). Distribution patterns may argue for conspecific gene flow at the diploid level: the existence of only a single histone H3-D allele throughout the wide range of G. microphylla is suggestive of interbreeding among populations, although the pattern could also be explained by long-distance seed dispersal. Although none of these observations constitutes definitive evidence of interspecific gene flow at the diploid level, taken in aggregate they suggest that hybridization cannot be ruled out as an explanation for cpDNA incongruence. Overall, hybridization seems a more tenable hypothesis than lineage sorting to account for the more dramatic examples of incongruence observed here.
History of the B-Genome Species Complex
The first dichotomy in the B-genome diploid species group was between G. sp. aff. G. tabacina and the common ancestor of the remainder of the B-genome taxa. This split is marked by both histone H3-D and cpDNA ( fig. 4) , and these taxa also differ morphologically, notably in the apomorphic presence of stolons in nearly all core B-genome plants. The next divergence is also reflected in both the histone and cpDNA trees, and it involved G. microphylla. In the histone H3-D allele tree, this divergence is a polytomy rather than a dichotomy, whereas in the cpDNA haplotype tree, the pattern is obscured somewhat by transgressive polymorphisms. Chloroplast DNA polymorphism is most likely explained by hybridization that occurred after an initial period of isolation that permitted the morphological and genetic differentiation of G. microphylla. Such gene flow was presumably fairly recent, given the similarity of all group II haplotypes, including those found in G. microphylla. The accession bearing the haplotype most closely related to the group II haplotypes of G. microphylla is G. sp. G2344, which was collected well inland of the current coastal range of G. microphylla. However, this geographic distance may be irrelevant given the likelihood of gene flow within the remaining core Bgenome taxa. Plants of G. microphylla with group II haplotypes do not appear to be early-generation hybrids. They are morphologically typical of the species (Doyle, Doyle, and Brown 1990c) and possess the G. microphylla histone H3-D allele, and may therefore represent a case of cpDNA introgression, a phenomenon suggested to be relatively common (Rieseberg and Soltis 1991) . To what degree other traces of hybrid origin might remain in these accessions has not yet been studied.
The history of the remainder of the core B-genome group, as inferred from the histone H3-D gene tree, was likely to have been a radiation that left little trace of relationships among the different taxa. Discrepancies between histone H3-D and cpDNA gene trees could be explained by hybridization, but even the relatively weak dating criterion used for G. microphylla cannot be used to refute lineage sorting as an alternative in these taxa, given the close relationships of the alleles and haplotypes involved. There is no reason why both of these phenomena could not be involved in producing the observed pattern. Indeed, it might be expected that species that were part of a recent and possibly rapid radiation would share ancestral polymorphisms and would also experience some continued gene flow.
